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This thesis comprises of five chapters. In the 
first chapter, a detailed and uptodate literature of the 
subject has been reviewed. Extensive studies on 
inorganic ion-exchange materials have been carried out 
during the last three decades owing to their admirable 
contribution in the field of nuclear energy, hydro-
metallurgy of rare elements, preparation of high purtty 
materials, water purification etc. This has inspired by 
many scientists to synthesize selective ion-exchange 
aterials mechanically stable and resistant to chemicals, 
temperature changes and radiations and of more widely 
applicable properties as compared to other ion-exchange 
materials. Inorganic ion-exchangers have been classified 
by Vesely and Pekarek on the basis of chemical character-
istics of the ion-exchanging species as follows: 
(1) Hydrous Oxides 
(2) Acidic salts of multivalent metals 
(3) Salts of heteropoly acids 
(4) Insoluble ferrocyanides 
(5) Aluminosilicates 
(6) Certain other substances, eg. synthetic a p a t i t e s , 
sulphides, alkaline earth sulphates e t c . 
The ease of ion-exchange in classes of compounds 
such as hydrousoxides of interconnected cages, channels 
or layers of sufficient dimension to allow ion transport. 
They have rigid structures but the mobile cations occupy 
only a part of the sites allowing transport into empty 
sites. Ion-exchange process may also prove useful in 
catalyst development and preparation of crystals with 
interesting optical properties. 
The second chapter includes the synthesis and 
characterization zirconium(IV)phenylethylamine anion 
exchanger. It was prepared by mixing the aqueous 
solution of zirconiumoxychloride and alcoholic solution 
of 2-phenylethylamine in equal ratio of 1:1(V/V). The 
ion-exchange capacity was determined for a number of 
anionic species. The chemical stabilities in different 
solvent systems and IR, thermogravimetric (TG) and 
differential thermal analysis (DTA) have been studied. 
Distribution coefficient for a number of anions were also 
a determined in dilute nitric acid and dimethylsulphoxide. 
The separation of arsenate ion from other anionic species 
have been successfully separated. 
Chapter-Ill describes the preparation and proper-
ties of zirconium(IV)phenylethylamine loaded with Chrome-
azurols S (CAS). The sorption studies of chromeazurol S 
on zirconium (IV)phenylethylaniine have been done at 
different pH values. The maximum sorption capacity for 
CAS was found to be 0.48 m mole/g at pH 5.0. Its strong 
retention on the polymer matrix may be due to some 
physical interaction in addition to ion-exchange. 
Distribution co-efficients for a number of metal ions 
have been determined in acetate buffers (l.ON CK3C00Na+ 
l.ON HCl) ranging from pH 2.0 to 5.20. The difference in 
their Kd values has suggested the following separations 
and were achieved successfully using column technique. 
(i) Al'^ ^ from Ca^^, Mg^^ 
(ii) Zn^^ from Cu^^ 
(iii) Co^^ from Cu^^ 
(iv) Cd^^ from Cu^^ and 
(v) Th from Cu . The modified material has also 
been utilized for the estimation of Al and Mg 
in various antacid formulations. 
The Chapter-IV discusses the electrophoretic 
behaviour of metal ions and some anionic species on What-
man No.l paper impregnated with zirconium(IV)phenyl-
ethylamine, anion exchanger in acetate buffer 
(l.ON CH^COONa + l.ON HCl) of varying pH value ranging 
3 3- 2-from 2-5 as background electrolyte. AsO, , PO, , MoO, 
and V0~ do not move from the point of application on 
unpregnated paper while movement of these ions was 
observed on untreated paper. The metal ions such as 
Cu , VO Al ^ and Bi show no movement in the PH 
range 2-4 but moved a little in the background electro-
lyte of pH 5 while Ag remain at the point of application 
in all the background electrolytes. On the basis of 
differences in their movement, a number of binary and 
ternary separations of metal ions and anionespecies have 
been achieved on impregnated paper. 
The last chapter of the thesis deals with the 
synthesis and characterization of zirconium(IV)ethylene-
diamine anion exchanger. The material was prepared by 
mixing O.lOM aqueous solution of zirconiumoxychloride and 
O.IOM ethylenediamine at pH 4.4 and 9.6 under varying 
condition of mixing ratios (V/V). Sample ZE^" was found 
to be rrore stable and possessing the highest ion-exchange 
capacity (0,84 meq/g). The ion-exchange capacity 
decreases as the drying temperature of material increases. 
pH titration curve reveals its monofunctional behaviour. 
The zirconium(IV)ethylenediamine was characterized by 
chemical composition FTIR, TGA and DTA. The distribution 
coefficient values of anionic species were determined in 
T^fc^H 
distilled water and also in different concentrations of 
ammonium nitrate solutions. The Kd values shows a 
decreasing trend on increasing the concentration of 
3_ 
ammoniumnitrate. A Kd value for AsO, was observed which 
4 
may be due to interaction arsenate was with matrix's 
network. On the basis of the difference in Kd values 
2- _ _ _ 2- 2-
separation of MoO/ from CI , Br , I , SO/ and C^O/ 
has been carried out on a small column. 
SYNTHESIS AND ANALYTICAL APPLICATIONS 
OF POLYELECTROLYTE GELS 
THESIS 
SUBMITTED FOR THE AWARD OF THE DEGREE OF 
Bottor of $f)tlosfopI)p 
IN 
CHEMISTRY 
BY 
IRSHAD AHMAD 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1994 
T^^^Lj 
^ c "ij J. 
,^ n r- <- r- l O O C 
a 
T4644 
i iV I j ^ 
CD HA 
SAIDUL ZAFAR QURESHI 
M.Sc.,Ph.D.,C.Chem. MRIC(London) 
Professor of Analytical Cherrtistry 
Phone { Off. 0571-25515 Res 0571-20724 
Department of Chemistry 
Aligarh Muslim Univertity 
Aligarh-202002 (INDIA) 
Date 
C E R T I F I C A T E 
This is to certify that the research work embodied 
in the thesis entitled "Synthesis and Analytical Appli-
cations of Polyelectrolyte Gels" is an original work 
carried out by Mr. Irshad Ahmad and is suitable for 
submission for the degree of DOCTOR OF PHILOSOPHY in 
Chemistry. 
n ia'b'Tt / ^ ! K 
(Professor SaiduL-Zafar Qureshi) 
Supervisor 
ACKNOWLEDGEMENTS 
I wish to express my deep sense of gratitude to 
Professor Saidul Zafar Qureshi, Department of Chemistry 
for his valuable guidance, encouragement and keen interest 
through out in completion of this work. 
Thanks are also due to Professor Nurul Islam, 
Chairman, Department of Chemistry, Aligarh Muslim 
University, Aligarh, for providing the necessary facili-
ties. 
I am greatly indebted to Dr. Nafisur Rahman for 
extending all possible help throughout my research 
schedule. 
I would like to express my thanks to all my 
research colleagues. Dr. Mubeen Ahmad Khan, Miss Ghazia 
Asif and Miss Soofia Usmani for their cooperation and 
maintaining a cordial atmosphere in the laboratory. 
I am particularly grateful to my Abbu Mr. Amir 
Ahmad Qureshi, Ammi Mrs Anwari Begum, elder brother Mr. 
Inam Ali Qureshi and Mrs. Shahana Perveen. 
I am also thankful to my friends. Dr. Naslr Ali 
Khan, Dr. Iqbal Husain, Mr. S. Masahab Ali, Mr. Mohd. 
Tahir Qureshi, Mr. Malik Shoeb for their encouragement 
throughout my research work. 
Last but not least, I beg to express my gratitude 
and indebtedness to the "ALMIGHTY ALLAH" for providing and 
guiding all the channels of work in cohesion and coordi-
nation to make this study possible. 
(IRSHAD AHMAD) 
C O N T E N T S 
CHAPTER-I Introduction 
References 
AIM OF RESEARCH 
CHAPTER-II 
CHAPTER-III 
CHAPTER-IV 
CHAPTER-V 
PACE NOS. 
1 
39 
68 
70 
93 
Polymer of inorganic and organic monomer: 
Zirconium(IV)phenylethylamine, Studies 
on Structural, Chemical composition and 
separation of anionic species. 
Zirconium(IV)phenylethylamine anion 
exchanger modified with Chromeazurol S 
as a new function exchanger for selec-
tive separation of metal ions. 
Electrophoretic studies of some anions 106 
and cations on zirconium(IV)phenylethyl-
anine impregnated papers. 
Synthesis and physico-chemical studies 117 
of a new anion exchange material: 
Zirconium(IV)ethylenediamine and its 
2-
application in the separation of M0O4 
from other anionic species. 
LIST OF TABLE 
PAGE NOS 
Table-1.1 
Table-1.2 
Table-1.3 
Table-2.1 
Table-2.2 
Table-2.3 
Table-2.4 
Synthesis and properties of tv;o ig 
component inorganic ion-exchangers. 
Synthesis and three component 27 
inorganic ion-exchangers. 
Application of synthetic inor;',anic 36 
ion-exchanger with two and three 
component systems. 
Ion-exchange capacity of zirconiun(IV)- 75 
phenylethylamine dried at different 
temperature 
Chemical stability of zirconium(IV)- 76 
phenylethylamine in various solvent 
systems. 
Distribution coefficient of various 87 
anions on zirconium{IV)phenylethyl-
amine. 
Separation of arsenate from other 88 
anionic species on zirconium(IV)-
phenylethylamine column. 
Table-3.1 
Table-3.2 
Percentage amount of Chromeazurol-S 
released from zirconium(IV)phenyl-
ethylamine sorbed with chroncazurol S 
in various acetate buffer and solvent 
system. 
Distribution coefficient(Kd) values 
of metal ions on zirconium(IV)-
phenylethylamine anion exchan;>er 
sorbed with chrome azurol-S. 
99 
100 
Table-3.3 
Table-3.4 
Table-4.1 
Table-4.2 
Binary separation of metal ions on 102 
zirconium(IV)phenylethylamine 
exchanger sorbed with chromeazurol-S 
column. 
Estimation of Al and Mg in 103 
various antacid formulations after 
their separation on the column of 
zirconium(IV)phenylethylamine sorbed 
with chromeazurol-S dye. 
Movement (in cm) of anions in acetate 111 
buffers on papers impregnated with 
zirconium(IV)phenylethylamine. 
Separation on paper impregnated with 113 
zirconium(IV)phenylethylamine by 
electro-chromatography 
Table-4.3 : Movement (in cm) of metal ions in 114 
acetate buffers on paper impregnated 
with zirconium(IV)phenylethylamine. 
Table-4.4 : Separation of metal ions on paper 115 
impregnated with zirconium(IV)-
phenylethylamine by electrochromato-
graphy. 
Table-5.1 ; Synthesis of various samples of 126 
zirconium(IV)ethylenediamine exchanger 
at room temperature 
Table-5.2 : Ion-exchange capacity of zirconiumdV)- 127 
ethylenediamine exchanger dried at 
different temperature. 
Table-5.3 
Table-5.4 
Table-5.5 
Chemical stability of zirconium(IV)- 128 
ethylenediamine exchanger (sample ZE-i" 
in various solvent systems. 
Distribution coefficient of various 136 
anions on zirconium(IV)ethylenedi-
amine exchanger 
Separation of molybdate from other 137 
anionic species on zirconium(IV)-
ethylenddiamine column. 
LIST OF FIGURES 
PAGE NOS 
Figure-2.1 : pH titration curve of zirconium(IV)- 77 
phenylethylamine exchanger 
Figure-2.2 : IR Spectrum of zirconium(IV)ethylatnine 84 
exchanger 
Figure-2.3 : TO and DTA curves of zirconium(IV)- 85 
phenylethylamine exchanger 
3-
Figure-2.4 : Separation of Tungstate from AsO, 89 
3-
Figure-2.5 : Separation of chloride from AsO, 89 
3-
Figure-2.6 : Separation of bromide from AsO, 90 
3-
Figure-2.7 : Separation of iodide from AsO, 91 
2- 3-
Figure-2.8 : Separation of SO, from AsO, 91 
Figure-3.1 : Maximum uptake of chromeazurol-S on 98 
zirconium(IV)phenylethylaraine at 
different pH 
Figure-5.1 ; pH titration curve of zirconium(IV)- 130 
ethylenediamine 
Figure-5.2 ; Infra red spectrum of zirconiuB(IV)- 131 
ethylenediamine exchanger 
Figure-5.3 : TG and DTA curve of zirconium(IV)- 133 
ethylenediamine exchanger 
2-Figure-5.4 : Separation of CI -MoO, on zirconium(IV)- 138 
ethylenediamine column 
Figure-5.5 ,2-Separation of Br - MoO, on zirconiumdV)- 139 
ethylenediamine column 
.2-Figure-5.6 : Separation of I -MoO^ on zirconium(IV)-
ethylenediamine column 
140 
Figure-5.7 
Figure-5.8 : 
2- >2-Separation of SO.-MoOf on zirconium(IV)-
ethylenediamine column. 
2- 2-
Separation of C^O^-MoO, on zirconium(IV)-
ethylenediamine column 
141 
142 
CHAPTER - I 
I N T R O D U C T I O N 
I N T R O D U C T I O N 
Analytical chemistry is a discipline in its own 
right in chemistry. So far analytical chemistry is 
considered as the branch of chemistry dealing merely with 
qualitative and quantitative analysis. The classical 
approach dealing the method of analysis is tedious, time 
consuming and less precise at submicroscale. However, the 
subject became interesting with the advancement of science 
and great strides in instrumentation. The scope has 
considerably expanded with more emphasis on understanding 
the basic principles. The present day stress is not only 
on qualitative or quantitative analysis, but also from the 
view point of elucidation of structure. Today, analytical 
chemistry is widening its applications in physical, 
chemical, biological and environmental sciences and 
therefore, it is in real sense an interdisciplinary subject. 
Basically analytical chemistry is concerned with the 
determination of chemical composition of matter, which is 
being so far the main goal of analytical chemists. However, 
identification of a substance, elucidation of its structure 
and quantitative analysis of its composition are the aspects 
covered by modern analytical chemistry. Traditionally, 
analysis has been concerned largely with chemical 
composition, but the modern methods of instrumentation made 
it possible to elucidate the microstructure of molecular 
species in geometric as well as conformation. The two 
important steps in analysis are identification and 
estimation of constituents of a compound. There are many 
methods which have been used to obtain and identify the 
substances in the high state of purity. Besides the 
chemical*- methods, like fractional precipitation, fractional 
distillation and crystallization have been extensively used 
for separation and purification of the chemical compounds. 
Separation and identification is one of the most 
promising subject of analytical chemistry. The resolution 
of a complicated mixture into its compounds and subsequent 
determination can be achieved both by instrumental and non-
instrumental techniques. Nowadays these techniques are 
becoming the most sophisticated techniques in the areas 
mentioned above. 
Chromatography plays a very important and signifi-
cant role in solving problems related to identification, 
separation and quantitative determination. Even the 
difficult multi components mixture can be resolved into its 
components quantitatively by this technique. The term 
chromatography is applied to a variety of techniques which 
are similar to other techniques in many respects, but differ 
greatly in the principles, on which they are based. Amongst 
all the chromatographic techniques, ion exchange chroma-
tography is considered to be very versatile technique 
particularly in the separation of rare earths and other 
metal ions which differ in their sorptivity. It has been 
proved to be an excellent tool in the field of biological, 
organic and inorganic chemistry. Ion-exchange chromato-
graphy has become one of the most important analytical 
techniques in rapid and accurate determination of industrial 
effluents, alloys with multi components, pharmaceuticals, 
biological substances and fission products of radioactive 
elements. The ion exchangers are hydrophobic and there-
fore, can be used advantageously for changing the ionic 
composition of solutions without introducing any undesir-
able ions. They form a separate phase and can, therefore, 
be easily separated from solution without loss. The ion 
exchange chromatography provides the feasibility of 
isolation of rare earths from analytical and biological 
point of view (1). Ion exchange is basically a process of 
nature occuring throughout the ages from even before the 
dawn of human civilization. In the beginning the ion 
exchange properties of wood cellulose are used to convert 
bitter water into sweet water for drinking purpose. 
Historically speaking, ion exchange could not be 
recognised till the middle of 18th century, when two papers 
by two different investigators working independently were 
published. So Thompson (2) and Way (3) in 1850, laid the 
foundation of ion exchange by exchanging base in the soil. 
As visualized by Way the process observed by Thompson could 
be formulated. 
Ca-Soil+(NH^)2S0^ • (NH^)2-Soil+CaS0^ 
Most natural ion exchange minerals are crystalline 
aluminosilicates with cation exchange ...properties. 
Characteristic representative of this group of materials are 
the Zeolites which include among others, the minerals 
analcite Na2[Si2A10g]2. H2O, Chabazite (Ca,Na) [Si2 A10,)2-
6H2O ] harmotome (K,Ba) [Si. Al20.,].5H20 abd natrolite 
Na^[Si^ Al^O^Q).2H^0. All these materials have a relatively 
open three dimensional framework structure with channels 
and interconnecting cavities in the aluminosilicates 
lattice. The zeolite lattie consists of SiO/ and AlO, 
tetrahedral which have their oxygen atoms in common. Since 
aluminium is trivalent, the lattice carries a negative 
electric charge (one elementry charge per aluminium atom). 
This charge is balanced by alkali or alkaline earth cations 
which do not occupy fixed positions, but are free to move 
in the channels of the lattice framework. 
Zeolites are relatively soft minerals. Their frame-
work are less open and more rigid than those of most other 
ion exchangers. Therefore, they swell very little and the 
counter ions in their pores are not very mobile. Perhaps 
the most interesting property of the zeolite is their small 
and strictly uniform pore size which gives rise to c 
pronounced "Sieve action" on a molecular scale. 
The first synthetic aluminium based ion exchanger is 
made by Harms and Rumpler (4) in 1903. In the field of 
industrial production and technical application of ion 
exchange materials, Cans (5) did the pioneering work. The 
first industrial product applicable for technical purposes 
is sodium purmutite, which is produced by fusing a mixture 
of clay minerals and alkalies. Synthetic aluminosilicate 
cation exchangers have been prepared by fusion and precipi-
tation method. These are superior to the other materials in 
their chemical and mechanical stability, ion exchange 
capacity, and ion exchange rate. Synthetic ion exchangers 
have a higher thermal stability and resistance to radiation. 
Folin and Bell (6) made the first application of synthetic 
zeolite for the collection and separation of ammonia from 
urine. Thus the early ion exchange materials synthesized 
were largely inorganic in nature. Later on, large scale 
application of cation exchange phenomenon was developed by 
Cans on synthetic ion-exchange materials such as sodium 
aluminosilicate, Na^Al^Si-^0. ^ . 
Cans successfully applies synthetic inorganic 
cation-exchanger to water softening and sugar treatment on 
technological scale and therefore, replacing to some extent 
the naturally occuring ion-exchange materials. A specta-
cular evolution began in 1935 when English chemists, Adam 
and Holms (7) showed a remarkable effect of organic 
materials having characteristic ion-exchange properties. 
Synthetic organic resinous material can be prepared 
either by condensation polymerization of phenol (resorcinol, 
hydroquinone, para-and meta-phenol sulphonic acid etc.) with 
formaldehyde or other aldehyde in the presence of acid or 
base as catalyst or by addition polymerization of styrene 
etc. 
It is important to note that the product should be 
of uniform quality. The preparation should be made under 
identical conditions in order to get a uniform rate of 
polymerization, degree of crosslinking etc. 
The addition polymerization products are superior to 
condensation polymerization product and also the rate of 
polymerization is much more controllable. Ion-exchange 
resins should have high resistance toward chemical and 
mechanical degradation so that they can withstand to the 
action of strong acids/bases and oxidizing/reducing 
substances. However, they have been found inferior at 
elevated temperature and can undergo the mechanical 
degradation when exposed to strong nuclear radiation. 
Inorganic ion exchangers are superior to organic 
resins in their thermal properties and resistance to 
radiation. They owe their characteristic properties in 
respect to a peculiar feature of their structure. They 
consist of a framework, which is held together by chemical 
bond or lattice energy. This framework carries a positive 
or negative electric charge, which is compensated by ions 
of opposite sign, the so called counter ions. They are free 
to move within the framework and can be replaced by other 
ions of the same sign. the framework of a cation exchanger 
may be regarded as a macromolecular. The counter ion 
content of the ion exchanger, the so-called ion exchange 
capacity is the total number of exchangeable counter ions 
in the given specified amount of the resin. The pores of 
the inorganic ion exchanger are occupied not only by counter 
ions but also by solvents and solutes which can enter the 
pores when the ion exchanger is in contact with a solution. 
Uptake of solvent may result swelling of the ion exchanger. 
Uptake of solutes is usually called sorption though it is 
essentially a distribution of the solute between two liquid 
8 
phases, namely the pore liquid and the solution outside. 
The structure of these ion exchange materials are stiff, and 
therefore they are more selective and suitable for 
separation of ions on the basis of their different size. 
They can also be used as ionic or molecular sieves. 
Furthermore, the synthesis of such ion exchanger involves 
simple procedures. 
During the last 20-30 years the inorganic ion 
exchangershave firmly occupied their own position among the 
ion exchange materials. A rapid development in nuclear 
energy, hydrometallurgy of rare elements, preparation of 
high purity materials, water purification etc., has enforced 
attempts to find and synthesize highly selective ion 
exchangers having more convenient properties than 
commercial organic or natural ion-exchange materials. 
Kraus et al. (8,9) at Oak Ridge National Laboratory 
and Amphlett (10,11) in the United Kingdom did the excellent 
work on these materials at the initial stages. The work 
upto 1963 has been summarized by Amphlett (12) in his book 
entitled "Inorganic Ion Exchangers". Pekarek and Vesley (13), 
Clearfield (14,15), Alberti (16,17), Walton (18-21) and 
Vol'khim (22), have put some significant contribution 
dealing different aspects of these materials other than the 
ion exchange properties. Qureshi and Coworkers (23) 
prepared a large number of inorganic ion exchange materials, 
studied their ionexchange behaviour and also used them as 
detection medium in a varieties of titrations involving 
precipitation, oxidation-reduction etc. 
Synthetic inorganic ion exchangers have been 
classified into the following main groups. 
1. Hydrous oxide 
2. Acidic salts of multivalent metals 
3. Salts of heteropoly acids 
4. Metal ferrocyanides 
5. Synthetic aluminosilicates 
6. Certain other substances, e.g., sulphides, alkaline 
earth sulphates. 
A wide range of observations on ion exchange 
sorption by hydrous oxides can be interpreted on the basis 
of reversible ion-exchange equilibria although it is not 
always clear from the early work wheather sorption involves 
the bulk of the solid or only the surface, although this can 
be simply resolved by measuring the saturation capacity per 
unit mass as a function of surface area, such measurements 
were rarely carried out. Freshly precipitated trivalent 
metal oxides are very effective in this respect, e.g., 
hydrous ferric oxide and ferrichydroxide readily absorb 
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alkaline earth cation according to the law of mass action 
(24,25), other bivalent cations (26) being absorbed above 
pH 7. Amphoteric oxides such as hydrous alumina may adsorb 
either cations or anions depending upon pH of the solution 
as evident from the following equilibria (27). 
Al (OH)^ r OH" -> AKOH)^ > A10(0H)2+H^ 
Zinc oxides also shows amphoteric ion exchange properties 
(28). Freshly precipitated magnesium oxide shows the 
scavanging properties towards fission products in solution 
(29-31). Mixed oxides can be prepared in which a second 
cation of higher charge than the parent cation is 
introduced into the structure, the resulting net positive 
charge being balanced by the presence of anions as counter 
ion, many of these are found to exchange the balancing 
anions teversibly (32). Examples of such materials include 
2+ 3 + 
Zn(OH)^ in which Zn is partly replaced by Al and 
Al(OH)- containing Si , Tl or Zr . The general formulae 
TV IV is 
being Zn^_^ Al^ (0H)2 X^ and A1^_^MJ^^ (0H)3X^., where M 
a tetravalent cation and X is a monovalent anion.Trivedi and 
Coworkers (33) have synthesized thorium mixed oxide 
exchangers in different ratios (Bi: Th, 9:1, 1:1, 1:9; 
Al:Th; 9:1; Cr:Th, 9:1) and characterized them by their 
moisture content, ion-exchange capacity, ion-exchange rates 
and anion and cation distribution ratios etc. Anion 
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exchange capacity of Bi:Th oxides decreases as Bi:Th ratio 
increases. Mixed oxides containing Al or Cr have lower 
anion exchange capacities than the mixed oxides of Bi:Th of 
the same ratio. 
In principle the quadrivalent metal oxides may 
behave either as cation or anion exchangers, depending upon 
the basicity of the central atom and the strength of the 
metal-oxygen bond relative to that of the oxygen-hydrogen 
bond in the hydroxyl group. It is still not clear which of 
the following mechanisms best represents the situation. 
M-OH ^ M* + OH" (a) 
<-
M-OH > M-0 + H^ (b) 
<--
(M represents the central atom). Scheme (a) is favoured by 
acid conditions, when the substance can function as an 
anion exchanger, and scheme (b) by alkaline conditions, 
when the substance can function as a cation exchanger. 
Near the isoelectric point of the oxide (34) dissociation 
according to both schemes can take place and both types of 
exchange may occur simultaneously. 
Little attention has been given to other hydrous 
oxides of quadrivalent and hexavalent metals. Hydrous 
V20r (35) in mixture with hydrous zirconia absorbs K , Na , 
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Ba2\ Ca2\ Mg2\ Cd2^ Co2\ Ni2\ Pb2\ Zn2\ Cu2^ Ag" 
and Fe . Its total exchange capacity is between 1.42 and 
1.95 meq/g depending on the vanadium content of the mixture 
and its capacity is reduced when it is thermally treated. 
A comprehensive study of preparing the hydrous niobium (V) 
oxide ion--exrhanger has been reported (36). The exchanger 
thus prepared is a semitransparent, amorphous solid and hard 
enough to be used for column operation with cation exchange 
capacity of 2.3 mole Na g~ . It possesses at least two 
kinds of weakly dissociable ion-exchange sites. In order to 
elucidate the fundamental properties of hydrous niobium (v) 
oxide as a cation exchanger, the stoichiometry of cation 
exchange and the selectivity for various cations have been 
studied (37). The affinity series for alkali metal ions and 
alkaline earth metal ions are Cs'^ >> K'^ >>Li^  and Ba >>Sr > 
Ca >Mg respectively. The value decreases in the order 
of the increase in the hydrated ionic radii of the cations. 
For transition metal ions, the distribution coefficients 
have a strong correlation with the first hydrolysis 
constants of cations and/or the first stability constants of 
their acetato complexes. The transition metal ions are 
considered to be adsorbed on the exchanger by a bond parti-
cularly covalent in character, rather than by a pure ionic 
bond. The effect of heat treatment in air have been studied 
regarding the properties of a hydrous niobium (V) oxide 
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ion-exchanger in H form (38). The exchanger began to 
crystalli2:e into V-phase at a temperature between 450 to 
500°C where the capacity disappeared. The 1^-phase 
transformed to «»<-phase at a temperature above 800 C. Abe 
and Ito (39) have reported that the niobium (v) oxide 
exchanger exhibited only a Cation exchange property, but 
other workers (40-43), have shown its anion exchange 
property to be selective for dichromate , paramolybdate, 
tungstate and ferrocyanide. The hydrous oxides of Mo(VI) 
and W(VI) act as a cation (39) or anion exchangers in 
mixtures with basic hydrous oxides (44). 
Heteropoly acid salts have also been of interest. 
A number of such compounds have been prepared. In 
heteropoly acid salts the parent acids belong to the class 
of 12-heteropoly acids having the general formula H„XY^„0,^. 
nH^O, where x may be one of the several elements including 
phosphorus, arsenic and silicon, and Y a different element 
such as molybdenum, tungsten and vanadium. The heteropoly 
compounds especially those of 12-molybdo compounds are 
quite strong oxidizing agents. 
Inorganic ion exchangers of the acidic salts of 
multivalent metals are produced by mixing the acidic oxides 
of the metals belonging to IV, V and VI groups of the 
periodic table. They are extremely insoluble. Their 
14 
composition is non-stoichiometric and depends on the 
conditions under which they are precipitated. The materials 
which have so far been synthesized include the phosphates, 
arsenates, molybdates, tungstates, silicates, vanadates and 
tellurates of zirconium, titanium, thorium, tin, cerium, 
chromium, iron, niobium, tantalum etc. More rfjently it has 
found potential applications in many other areas such as 
hydrogen-oxygen fuel cell, desalination and artificial 
kidney machines. 
Apart from heteropoly-acid salts, materials prepared 
from group IV oxides and group V and VI oxides showed 
sorption and ion exchange properties. The preparation of 
gelatinous amorphous material is carried out by the usual 
mixing of zirconium salt solution with phosphoric acid at 
room temperature. According to the preparation conditions, 
materials with P/Zr ratios of 0.5-2.1 are formed (12,45-50). 
A granular material is prepared by freezing the gels upto 
-22°C (51,52). The preparation of zirconium phosphate ion-
exchanger with reproducible properties regardless of the 
starting material has been described by Benderskaya (53). 
This ion-exchanger has superior sorption capacity for Fe 
and Pb ions and having most reproducible structure. The 
optimal structure is obtained by allowing Zr polymeri-
zation and by treating with an alkaline solution. Thermal 
15 
treatment of amorphous materials with phosphoric acid 
(54-56) or refluxing them with > 2.5M phosphoric acid 
(12,14, 57-59), leads to the formation of semi crystalline 
or crystalline forms respectively. The well developed 
crystalline phase of the so-called cK-Zirconium phosphate is 
prepared, corresponds to the formula Zr(HPO,)„.H^O. A 
y6-phase and y'-phase, corresponding to Zr(HP04)^ and 
Zr(HP04)„.2H20 respectively, are prepared by refluxing the 
solutions of ZrOcl2 with NaH2P0, in 3M HC1. Drying over 
anhydrous CaSO, leads to the formation of iS -Zirconium 
phosphate, air dried products corresponds to /"-Zirconium 
phosphate (60). Zirconium bis (monohydrogen phosphate) 
monohydrate has been synthesized from homogeneous solution 
using zirconia fibres. It is semigranular material and is 
highly crystalline (61). Zirconium phosphate almost all 
good proton conductors and therefore are good ion 
exchangers, which is in line with their high Bronsted 
acidity. The conduction properties of o<-Zirconium phosphate 
is necessary to recall that this compound can be prepared 
as a gel, as crystals, and in all intermediate stages 
between these two. The specific conductance is a function 
of the degree of crystallinlty. The less crystalline 
sample shows higher conductivity. Table-1.1 comprises a 
detailed accounts of synthesis and properties of two 
component inorganic ion-exchangers. 
16 
The chemical stability is one of the most important 
property that must be studied. The utility of ion 
exchangers in a particular medium is recognised on the basis 
of its stability in that medium. Higher stability leads to 
its operation in one and more solvent systems. 
pH titrations are helpful in finding the equilibrium 
capacity of the exchanger and uptake of metal ions at 
different pH values. Cation exchangers in H ^form and anion 
exchangers in oH form can be considered as insoluble acids 
and bases* In many respects, they act like their soluble 
counterparts. They can be titrated with standard bases and 
acids. In such a titration, the ion exchanger remains 
insoluble, but comes to equilibrium with the solution to 
which the titrant is added. The neutralization of the 
resin acid or base can be observed by recording the pH of 
the supernatant solution while the titration is in progress. 
Such a pH titration curve" would have a number of 
inflections. The number of inflections in the curve 
determine the number of replaceable hydrogen ions per 
molecule present in the exchanger and hence in this way pH-
titrations helps in establishing the structure of the 
material. 
17 
With the development of modern analytical instru-
ments, it becomes easy to understand the chemistry of the 
materials prepared. [Infra-red spectrum predicts the 
presence of water molecules, -OH groups and metal oxygen 
bonds]. X-ray analysis confirms whether the material is 
amorphous or crystalline. The thermogravimetric, 
differential thermal analysis are important techniques that 
record changes in the chemical composition of the material 
at different temperatures. These techniques provide a great 
help in establishing the structure and thermal stability of 
the ion-exchangers. 
At present a large number of inorganic ion 
exchangers have been synthesized. Various synthetic 
inorganic ion exchangers, their composition, ion exchange 
capacity and some of the important applications are 
summarized in table-1 .!& 1.2. Ithasbeen found that double salts 
or mixed salts of some of the metal ions possess ion-
exchange properties different to simple salts. Some times 
they show superiority over simple salts mainly in three 
aspects. They are more thermally and chemically stable, 
secondly,they are more selective in nature and finally their 
ion-exchange capacities are higher as compared to their 
simple salts. It is with this view, attention has also been 
given to synthesize and to investigate ion exchange 
18 
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properties of this class of ion-exchangers. Some of the 
double salts prepared earlier have been reported in 
table-1.2. 
Inorganic ion-exchangers behave as weak acids and 
the rate of ion exchange is generally slow, therefore, the 
Ion exchange capacity is determined by replacing H ions 
from the exchanger by the ions of neutral salts. The 
equilibrium ion exchange capacity is determined by pH 
titration. 
Besides other factors, solvents play an important 
role on the adsorption behaviour of metal ions on ion 
exchangers. The ion-exchange behaviour of almost all metal 
ions in aqueous mineral acids of different concentrations 
have been studied extensively. Solvents other than mineral 
acids, have also been used as eluents. They are selected 
on the basis of their nature, interaction with the metal 
ions under consideration, e.g. citric acid, formic acid, 
oxalic acid, tartric acid, perchloric acid, are the common 
eluents used for column chromatography. Oxalic acid being a 
good complexing agent, has been used in separation of As, 
Mn, Co , Zn and Cu from one another (296). According to 
the investigation of Samuelson & Coworkers (297), these 
complex forming organic acids are sometimes adsorbed on a 
strongly basic anion exchanger. Ethylenediaminetetra acetic 
32 
acid is found to form complexes with most of the metal 
ions. An ion exchange resin sorbed with EDTA can be 
utilized for separation of alkali metal ions from alkaline 
earth metals. The alkaline earth metals form stable 
complexes with EDTA above pH.7 and hence they are adsorbed, 
while alkali metals do not form complexes with EDTA -ind pass 
through the column. Similarly alkali and alkaline earth 
metals ion can be separated from multivalent ions using 
anion exchange resins containing citrate ion. 
More inorganic ion exchangers have to be synthesized 
and to be studied for their ion exchange properties. 
Efforts have been made to develop materials which are more 
thermally and chemically stable, and possesses the following 
(i) Specific for certain metal ions 
(ii) Selective solutions other than aqueous one. 
(iii) Crystalline in nature 
Recently various ion exchange materials have been 
used for separation when the mobile phase contains lOX 
methanol. At high methanol concentration, the inorganic 
groups of the ion exchange packing do not ionize, and hence 
the groups and backbone act only as a polar bonded phase on 
which normal partition chromatography can be performed. A 
successful separation of sugars has been accomplished on a 
strong cation exchanger using an acetonitrile-water mobile 
33 
phase (298). This combination of mobile phase and non-
ionizing solutes proves that ion-exchange chromatography is 
a possible mechanism of this separation. Similarly basic 
drugs are separated on the same type of cation exchange 
column using o to 60% methanol-water with varying amounts of 
ammonium dihydrogen phosphate to fix the various pH values. 
Ion-exclusion chromatography is an exclusive example 
in which the separation of strong electrolyte from a weak 
electrolyte is achieved by Donnan equilibrium. This 
technique is a breakthrough mainly in separation of 
substances of industrial importance. The separation of 
organic acids from strong electrolytes on strong cation 
exchanger resin in H form is a unique example of this 
technique (298). 
Attention has also been focussed to the prepara-
tion of ion exchange materials having three components and 
to study their superiority over two components ion exchange 
materials. The 2:irconiumtitaniuniphosphate has been 
prepared and used for the separation of rare earths and 
fission products from mineral acids (299,300). Zirconium -
arsenophosphate cation exchange column is used for the 
quantitative separation of uranium from some metal ions 
which generally interfare in its spectrophotometric deter-
mination using sodium diethyldithiocarbo mate as a 
34 
reagent (301). In an another example, Fe is separated on 
the same column (302). The complex forming ability of EDTA 
at various pH values and the ion exchange behaviour of 
Sn(IV)arsenosilicate and Sn(IV)arsenophosphate cation 
exchanger have been combined in a thin layer chromatography 
(TLC) in the study of separation of some metal ions 
e.g Ca -Sr , Ca -Ba (303) etc. some important analytical 
separation of metal ions using pharmaceutical substance, 
biological samples and environmental pollutants have been 
given in table- 1.3. 
A number of novel ion-selective electrodes have 
been prepared in which ion-exchange materials are 
impregnated into polymeric inert matrices which serve as 
ion-selective membrane. A variety of weak cation exchangers 
have been studied as membrane components for monovolent ion-
selective electrodes (304). Epoxy resin impregnated 
electrodes for thallium have been reported where a mixture 
of araldite and zinc molybdophosphate is employed in one 
case (305) and nitropyridine tungstoarsenate is used in the 
other (306). Similarly a copper hexacynoferrate (III) based 
thalium sensitive electrode is suggested (307). Thallium-
molybdoarsenate in araldite membranes served as a very 
stable thallium electrodes (308, 309). Molybdate ion 
selective electrodes have been proposed by several 
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workers (310-312) and two reports of rare earth ion 
selective electrodes have appeared (313, 314). The 
incorporation of zirconium tungstoarsenate into a 
polystyrene matrix has been used for zirconyl ion electrodes 
(315, 316). Lead ion selective electrodes have been 
developed by using lead antimonate in an araldite matrix 
(317). A new solid state ion selective electrode for 
ammonium ions have been developed (318). The ammonium ion 
selective electrode utilizes a membrane composed of 
(NH, )~PMO^ 2^AC)•^^2'^ ^^^ ^^" ^^ used over a wide pH range. A 
fairly cesium selective electrode is developed (319,320) by 
using pressed disks of zeolite ion exchangers (mordinite 
type) in an epoxy based support. The novel channel 
structure of the zeolite material makes this membrane 
electrode concept one of the more intriguing new approaches 
in the area of solid state membranes.. 
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AIM OF RESEARCH 
The aim of this research project is to synthesis 
the ion-exchange material and to modify the methods for the 
separation of the anonic species. Inorganic ion-exchangers 
have been used for the separation of trace metals and 
anionic species. 
Synthesis of new inorganic ion-exchangers has always 
been of interest since the method of preparation proceeds in 
a simple way and can solve diverse problems of chemistry. 
Studies in the field of inorganic ion-exchangers are 
increasing day by day due to their selectivity and stability 
under certain conditions. 
A large number of inorganic ion-exchangers have been 
synthesized in this laboratory and their properties and 
applications have been studied. A rapid development in 
nuclear energy, hydrometallurgy of rare elements, prepara-
tion of high purity materials, water purification etc. has 
enforced attempts to find and synthesize new highly 
selective ion-exchange materials which are resistant to 
chemicals, temperature degradation and radiations. The 
quality of material can easily be improved uy changing the 
method of preparation like increasing or decreasing the pH 
of the solution, refluxing time, and changinc^ the order of 
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mixing. Refluxed products are much superior with increasing 
degree of crystallinity. In order to modify the gel 
material, attempts have been made to incorporate iogeneganic 
functionalities like - NH„, - SO- etc. with gel structure to 
enhance the ion-exchange capacity. Zirconium(IV)phenyl-
ethylamine and zirconium(IV)ethylenediamine are the examples 
of such gel materials. They have been found selective to 
certain species from pollution point of viev;. The amine 
3- 2-
species AsO and WO are found highly selective and there-
4 4 
3_ 
fore the separation of numerious anions from AsO has been 
achieved successfully on a small column. Similarly 
zirconium(IV)ethylenediamine has been found selective to 
2-
MoO, ions. 
4 
In the last the present work on the "Synthesis and 
analytical application of polyelectrolyte gels" can be 
justified according to the available laboratory facilities. 
CHAPTER - II 
POLYMER OF INORGANIC AND ORGANIC MONOMER: 
ZIRCONIUM(IV)PHENYLETHYLAMINE, STUDIES ON 
STRUCTURAL, CHEMICAL COMPOSITION AND 
SEPARATION OF ANIONIC SPECIES 
I N T R O D U C T I O N 
A large number of inorganic ion exchangers with 
cation exchange properties have been reported in the lite-
rature (1). Recently, emphasis has been given on ijhree 
component ion exchange materials, showing superiority over 
the two component materials in terms of increased ion 
exchange capacity (2,3). Further, we have attempted to 
increase the selectivity of ion exchange materials by 
incorporating some organic monomer to hydroxide metal oxide. 
Zirconium oxide unit containing organic monomer 2-pheny-
lethylamine shows anion exchange properties and has found to 
be a better polymer of inorganic and organic monomer for the 
separation of anionic species. It has been found selec-
tive to arsenate ions and therefore, selective and effective 
separation from other anionic species has been made in this 
study. 
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E X P E R I M E N T A L 
REAGENTS: 2-Phenylethylamine (Eastman Kodak USA) and 
Zirconium oxychloride (BDH) were used for the preparation of 
exchanger. All other chemicals were of analytical grade. 
APPARATUS: A Bausch and Lomb Spectronic-20 spectrophoto-
meter and Elico pH meter model LI-10 were used for spectro-
photometric and pH measurements respectively. 
SYNTHESIS AND CHARACTERIZATION: O.IM solution of zinconium 
oxychloride was mixed with 0.2M alcoholic solution of 
2-phenylethylamine in the ratio of 1:1 (v/v). The sample 
was prepared by adjusting the pH 8.0. The light yellow 
coloured gel so obtained was allowed to stand overnight at 
room temperature to ensure complete precipitation. The gel 
was separated from mother liquor by filteration and washed 
with deionized water, 3 times with a total volume of 
approximately 0.7 to 1.0 litre to ensure a pH 7.0 of the 
effluent wash. The gel was dried at 40°C in an oven. The 
dried product was allowed to cool at room temperature and 
placed in water which cracked down into small granules. The 
ion exchange capacity of a 1.0 g of the dried exchanger in 
desired ionic form was determined in a column(60cmxlcm i.d.) 
supported by a glass wool plug using l.OM NaNo- solution as 
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eluent with a flow rate of 0.5 ml min . The results are 
summarized in Table-1. For the determination of chemical 
composition, O.lOg of exchanger was dissolved in 2.0M HNO-, 
solution and diluted to 100ml with deionized water. 
Zirconium was determined titrimetrically using standard 
O.OIM EDTA (4) and 2-phenylethylamine was estimated colori-
metrically using ninhydrin as colouring agent (5). The mole 
ratio of zirconium and 2-phenylethylamine was found to be 
4.16:1. The chemical stability of the exchanger material was 
studied in different solvents. A 0.5g of the exchanger in 
NO^ form was treated with 50.0 ml of the solvent of 
interest and kept for 24 hrs with occasional shaking. The 
amount of Zr in the supernatant liquid was determined by 
titrating against a standard solution of EDTA. The amount 
of 2-phenylethylamine was determined spectrophotometri-
cally (5). The results are reported in Table-2.2 pH titra-
tion of the exchanger was carried out by batch procedure (6). 
Several samples of exchanger in different Erlenmeyer flask, 
each containing 0.5 g sample in OH form was equilibrated 
with a mixture of O.IM NaCl and O.IM HCl. In each flask 
10 ml of 0.5M NaCl and varying volume of O.IM HCl are added 
(1 ml, 2 ml, 3 ml, 4 ml, 5 ml, 6 ml, 7 ml and so on). The 
total volume was finally made to 50 ml. The final pH of the 
solution was recorded and plotted to the corresponding 
volume of HCl. 
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IR Studies : Infrared analysis of ion exchanger material 
dried at 40 C was performed using KBr techniques. A detailed 
discussion has been given under results and discussion. 
X-ray Diffraction: X-ray diffraction pattern was recorded 
on a Philip P.W. 1140 diffractometer using nickle fittered 
Cu K^ radiation which reveals the fact that the exchanger 
material is noncrystalline. 
Distribution Coefficient: For the determination of distri-
bution coefficient of various anions, 0.25 g, exchanger in 
NO3 form was treated with 25.0 ml of 2.0xlO~ M solution of 
anions. The mixtures was left for 24 hrs with intermittent 
shaking at room temperature. The anions left in the 
solution was determined titrimetrically using standard 
method. The distribution coefficient was calculated as 
follows: 
Kd= m moles of anions in the exchanger phase/g of exchanger 
m moles of anions left in the aqueous phase after 
equilibrium/ml of total volume of the solution. 
The results are shown in Table- 2.3. 
Separation: 5.0 g exchanger in N0_ form was packed into a 
glass column {30cm x 1.0cm i.d.) fitted with glass wool 
plug. The mixture of anions was transferred into the column 
and eluted with appropriate solvent at a flow rate of 0.5 ml 
min~ , The results are reported in Table-4. 
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RESULTS AND DISCUSSION 
The anion exchange capacity for a number of anions 
were determined on the material dried at different tempera-
tures by column process. The results are reported in 
Table- 2.1.The sequence of ion exchange capacity of the 
exchanger for halides was in the order of their ionic radii. 
The greater the ionic radii lower the ion exchange capacity. 
It was also observed that the anion exchange capacity 
decreases with the increase of drying temperature. This 
loss in capacity may be due to loss of water molecule and 
amino group from the exchanger material. 
Table 2.2 shows the solubility of exchanger material 
(NO-, form) in the solvents of interest. It was concluded 
that the material can be used for analytical separations in 
organic solvents, ammonia solution, neutral salt solutions, 
dilute HCl and HNO solutions. 
The pH titration of the exchanger in 0H~ form was 
performed by the method of Topp and Pepper. The titration 
curve showed the mono functional behaviour of the exchanger 
(Fig.2.1). 
TABLE - 2.1 
Ion exchange capacity of zirconium (IV) phenylethyl-
amine dried at different temperatures 
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S.Nc 
1 
2 
3 
4 
5 
Anions 
Cl" 
Br~ 
l' 
Cr,,0-, 
L 1 
So2-4 
40°C 
1.40 
1.12 
0.85 
0.68 
0.45 
Ion Exchange 
100°C 
1.21 
0.93 
0.75 
-
Capacity ( 
150°C 
0.74 
0.60 
0.59 
-
' 
ineg/g) 
200°C 
0.67 
0.57 
0.50 
-
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TABLE - 2.2 
Chemical Stability of Zr(IV)phenylethylaniine in 
Various Solvent Systems 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
lA 
15 
16 
Solvent 
O.IM HCl 
l.OM HCl 
2.0M HCl 
O.IM HNO3 
l.OM HNO 
2.0M HNO3 
O.IM H„SO, 2 4 
l.OM H^SO, 2 4 
O.IM NaOH 
l.OM NaOH 
l.OM NH.Cl 4 
2.0M NH.Cl 4 
l.OM NH.OH 4 
2.0M NH/OH 4 
l.OM NaNO. 
2.0M NaNO^ 
Amount of Zr released 
per 50 ml (mg) 
0.00 
113.11 
d i s so lved completely 
0.912 
51.08 
dissolved completely 
74.80 
dissolved completely 
1.36 
2.28 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Amount of phenylethyl 
amine per 50 ml (mg) 
0.00 
0.06 
-
0.02 
0.05 
-
0.06 
-
0.14 
0.16 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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0 0.2 O.A 0.5 0.8 1.0 1.2 U 1.6 1.8 2.0 
meq. H* Ion odded/ 0.50 gram exchanger 
Fig. 2.1 pH t i t ra t ion curve of 2r phenyl ethyl a mine ex changer 
T^tMH 
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Hydrous oxides have played a very important role in 
separation studies of a large number of cations and anions. 
These observations are based on their characteristic role of 
ions sorption process. In earlier work, the study was based 
on the surface phenomenon where exchange of ions took place. 
However, Clearfield (8) made a precise study and showed that 
it was not necessary for all hydrous oxides would show ion-
exchange on the surface. It depends on their frame work and 
hence categorized them as follows: 
(1) Particle Hydrate: Includes the ZrO_ and SnO« for which 
ion exchange occurs only on the surface. 
(2) Framework Hydrate: Includes the hydrous oxides of Sb 
and Mn whose frame work contain cavities and tunnels in 
which the exchange of ion takes place. 
In recent years a systematic study has been made of ion 
exchange properties of quadrivalent metal oxides such as 
SiOj, SnO^, TiO«, Th02, ZrO^. In principle these oxides may 
behave either as cation or anion exchanger depending upon 
the basicity of the central metal ion and the strength of 
metal oxygen bond relative to that of oxygen-hydrogen bond 
in the hydroxyl group. It is further reported a transition 
from anion exchange in acid solution to cation exchange in 
alkali solution may occur over a range of pH depending upon 
the basicity of metal ion. 
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The IR spectra of zirconium (IV)phenylethylamine gel 
shows a maximum over a range of 3300-3700 cm . This region 
can be assigned to -OH stretching frequencies including both 
free and observed multiplicity of -OH groups. To explain 
the observed multiplicity of -OH stretching bands on the 
surface of oxide, it is attributed to the various 
crystallographic planes of lower indices. The observed 
multiplicity of -OH stretching bands can be more precisely 
described in terms of hydroxyl atoms bonding to different 
numbers of lattice metal atoms with coordination numbers 
1 to 4 for hydroxyl group (7). 
H 
0 
Zr 
H 
,0. 
Zr zr 
Zr 
H 
•Ov 
Zr Zr 
Coordination 
No.l 
Coordination 
No. 2 
Coordination 
No. 3 
I _^ II _^ III 
Zr02 3670 Cm sharp band 3770 cm sharp band face(III) 
The two sharp bands of isolated -OH group (observed 
in the region between 3650 and 3800 cm ) can be reasonably 
assigned to type I and III hydroxyls. These are produced 
on the crystal faces such as plane (III) which intersect one 
bond of the OZr, tetrahedron (7 4 
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Zr 
Zr 2r 
Zr M 
Face III 
Tetrahedral as cleavage 
plane 
H 
.0^  
Zr Zr 
Zr 
0 
Zr 
Type III Type I 
Clearfield (8) has described the preparation of 
crystalline hydrous zirconia from zirconyl halide by adding 
an inorganic base resulting the formation of hydrous oxide 
by polymerization process. The growth of ZrO^ particlewas 
described by olation followed by intercalation process. The 
structure of particle surface was found to be quite different 
from that of interior particle i.e. the oxygen atoms in the 
interior were supposed to be fully coordinated with metal ion 
whereas on the surface the oxygen atoms were associated with 
proton, either as -OH group or as water molecule. In order 
to describe the observed -OH stretching frequencies, we have 
tried to understand the surface structure emphasizing on the 
stretching of -OH frequencies. It is a point to note that 
the addition of an organic base produces an entirely 
different gel as compared to alkaline base (weak/strong). 
Zirconiuii{IV)phenylethylamine was obtained by adding an 
alcoholic solution of organic base to an aqueous solution of 
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zinconium oxychLoride. It was assumed that the gel formation 
takes place in two steps: 
1. Formation of hydrous ZrO^ gel 
2. Surface interaction and polymerization of amine 
molecule involving weak and strong bonding resulting 
the formation of a macro-particle. 
Zirconium exists in numerous hydrolysed polymeric 
units such as monomeric ZrOOH , trimeric [(ZrO)^(OH)-] 
and tetrameric [(ZrO),(OH),]^ . The later two species 
exists in cone, solutions in HCl (9). When alcoholic 
solution of phenylethylamine was added in aqueous solution of 
zirconium oxychloride first the hydrolysed polymeric unit 
e.g. ZrOOH was obtained (being a neutral medium) followed 
by zirconium(IV)phenylethylamine gel. Chemical and physico-
chemical results reveal the following: 
1. Chemical composition of ion exchange suggests the 
ratio of 2-phenylethylamine to zirconium is 1:4 . 
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The above structure was supported by the following 
facts : 
I The polymeric unit of zirconium phenylethylamine was 
a positively charged species and therefore it acts as 
anion exchanger. 
II The IR studies of zirconium phenylethylamine (Fig.2.2) 
shows some interesting features, which were explained 
as follows: 
A broad band in the form of a maximum corresponding 
to frequencies range 3800-3200 cm occurs which was assigned 
to 
(i) Vibrational frequencies of free surface hydroxyl 
group (3770-3600 cm"^) (7) 
(ii) Sometimes the narrow bands of adsorbed multiplicity 
of -OH stretching also occur in the above mentioned 
region (3670 cm and 3770 cm with coordinate No. I 
and III respectively) due to surface hydroxyl oxygen 
atom which may be bounded to different numbers of 
lattice metal atoms with tetrahedral coordination of 
the oxygen atoms. 
(iii) -NH stretching vibration corresponding to a range of 
3550-3300 cm~^ (7). 
(iv) There was also the possibility of some additional low 
frequency band which can be assigned to -H bonded 
-OH group and H-bonded -NH group in this region...(7 ) . 
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(v) The sharp narrow band at 1390 cm can be attributed 
+ 
to protonated form of C,Hr(CH^)^NH- resulted from 
the interaction of protonated surface -OH groups 
acting as lewis acid sites (7). 
The DTA curve (Fig.23)of ion exchange material showed two 
peaks, endothermic and exothermic peaks at 62 C and 445 C 
respectively. The first peak shows the loss of one molecule 
of water and the second exothermic peak may correspond to 
deploymerization of the gel material (10) as suggested in 
the reaction mechanism (Scheme 2.1). "Ilie loss in ion-exchangecapa-
cityfrom l.^ +Omeq/g to 0.44 meq/g v;as due to depolymerization, 
loss of amine molecules and associated water molecules, 
were. The distribution coefficient (Kd) values were deter-
mined for a number of anions in various solvents and the 
results are summarized in Table-2.3. It was observed that Kd 
values were high in distilled water, in most of the cases, 
and the sequence was in the order; arsenate>> oxalate> 
tungstate> sulphate> bromate> chloride> bromide> iodide = 
chlorate > ferrocyanide. Table2.3 showing a decreasing trend 
in Kd values in aqueous ammonia. The decrease may be due to 
the preferential uptake of OH ion. Moreover, the exchanger 
material has a high affinity for arsenate ion that 
facilitate the separation from other anions. The result was 
reported in Table-2.4and the elution profile was shown in Fig. 
2.4 to 2.8 . 
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TABLE 2.4 
Separation of Arsenate from other Anionic Species 
on zirconiuni(IV)phenylethylaniine column. 
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S.No. 
-
1 . 
2 . 
3 . 
4 . 
5 . 
Separation 
achieved 
WO4" 
Asof 
C I " 
Aso;?~ 
Br" 
AsO?" 
4 
I ~ 
3-
AsO, 
4 2-
SO4 
3-
ASO4 
Amount 
loaded 
(mg) 
2 4 . 7 8 
13 .89 
1.77 
6 . 9 4 
3 .99 
6 . 9 4 
6 .34 
6 . 9 4 
4 . 8 0 
6 .94 
Recovery 
24 .70 
13 .75 
1.57 
7.40 
3 .99 
7.25 
6 .34 
7.00 
4 .52 
6 .75 
7o 
Recovery 
99 .65 
98 .99 
9 0 . 0 0 
106 .55 
100 .00 
104.39 
100 .00 
100.79 
94 .23 
97 .19 
Eluent Used 
(ml) 
40 ml H2O 
30 ml O.IM NH-
30 ml H2O 
30 ml O.IM NH3 
20 ml H^O 
30 ml O.IM NH^ 
30 ml H O 
30 ml O.IM NH3 
40 ml H2O 
30 ml O.IM NH3 
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CHAPTER - III 
ZIRCONl[JM(IV)PHENYLETHYLAMINE ANION EXCHANGER 
MODIFIED WITH CHROMEAZUROL-S AS A NEW 
FUNCTION EXCHANGER FOR SELECTIVE 
SEPARATION OF METAL IONS 
I N T R O D U C T I O N 
Ion-exchangers have been used for the adsorption of 
the complexes in order to preconcentrate or to separate the 
respective metal ions (1-5). In order to make the adsorp-
tion effective and selective, ion-exchangers have been 
incorporated or intercalated with some chelating agents 
(6-11). The metal complex with negative or positive charges 
can interact selectively to reduce both cationic and anionic 
interferences in the sample solutions. Moreover, the 
possibility of exchange of complex charged species with the 
exchanger at an extra defect to enrich the traces of the 
metal ions. A number of papers have been published 
particularly with ion-exchange resins. In this chapter we 
have tried to synthesis a chelometric ion-exchanger by 
interaction of zirconiumphenylethylamine with Chromeazurol 
S. A number of useful analytical separations have been 
tried on this chelating exchanger. 
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EXPERIMENTAL 
Reagents: 
A 0.20M alcoholic solution of phenylethylamine 
(Eastman Kodak) and 0.10, aqueous zirconium oxychloride (BDH) 
were prepared. Chromeazurols-S was obtained from Johnson 
Chem. Co. (India). l.OX Chromeazurol-S (CAS) in ethyl alcohol 
(W/V) was prepared. 
Apparatus: 
An Elico LI-IO pH meter and spectronic-20 spectro-
photometer were used for pH and absorbance measurements 
respectively. 
Preparation of Ion-exchange Material: 
The zirconiumphenylethylamine was prepared by 
mixing O.IOM aqueous solution of zirconiumoxychloride with 
0.20M alcoholic solution of phenylethylamine in the ratio 
of 1:1 (v/v). The light yellow coloured gel so obtained was 
allowed to stand over night at room temperature to ensure 
completed precipitation. The gel was separated from mother 
liquour by filtration and washed several times with distilled 
water to remove excess reagent. The gel was dried at 40 C 
in an oven. The dried product was immersed in water 
resulting the cracking of material into smaller particles. 
Finally it was converted into NQ^ form by treating with 1.OM 
95 
standard EDTA solution. The Kd values were determined by 
the usual manner. 
Separation of metal ions: 
Quantitative separation of metal ions were achieved 
on a 0.6 cm (i.d.) glass column packed with 2.0 g of ion 
exchange material. A known amount of metal ion mixture was 
loaded on the column and recycled thrice followed by elution 
at a flow rate of 1 ml min . 
2+ 3+ Analysis of Mg and AI from antacid drug formulation: 
Stock solution of antacid formulations were 
prepared as follows: 5.0 ml suspension or one tablet was 
dissolved in 10 ml concentrated hydrochloric acid and 
diluted to 250 ml with distilled water. 1.0 ml of this 
solution was evaporated to almost dryness, cooled and 
dissolved in distilled water and then loaded onto the 
column. The Mg ^ and Al ^ were eluted with distilled water 
and acetate buffer of pH 2.0 respectively. The eluted 
fractions were determined by titrating against standard EDTA 
solutions. 
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NaNO- solution. Its anion exchange capacity for CI ions 
was found 1.41 meq/g. 
Sorption of ChromeazurolS dye on ion exchange material: 
A unit gram dried zirconiumphenylethylamine 
exchanger was added to 50 ml of the 1.0% alcoholic solution 
of Chrome AzurolS conditioned at different pH of 2,3,4,5 
and 6 (sodium acetate: hydrochloric acid) contained in 
numerous conical flask. It was kept for 24 hrs at room 
temperature with intermittent shaking. The Chrome AzurolS 
sorbed on zirconium(IV)phenylethylamine was filtered 
off; washed with distileed water and ethanol, and finally 
dried at room temperature. The amount of ChromeazurolS 
left in the supernatant solution was found by absorbance 
measurements. 
Distribution Studies: 
The distribution coefficient of metal ions in 
acetate buffers were determined. A 0.2 g ion exchange 
material was equilibrated with 2x10 M metal salt solution 
in 100 nil Erlenmeyer flask. The mixture was allowed to 
stand until the concentration of cation in the supernatant 
solution became constant. The amount of metal species left 
in the solution was then determined by titrating against 
97 
RESULTS AND DISCUSSION 
The zirconium(iv)phenylethyLamin8 with an anion 
exchange characteristics has been sorbed into chrome-
azurol-s loaded material by simply mixing it with solution 
of CAS. The maximum sorption capacity for CAS was found to 
be 0.48 mmole/g at pH 5. Fig 3.1. The more uptake of CAS 
at higher pH values may be due to furnishing of more anionic 
species. It was observed that CAS was fully retained on 
the polymer matrix when exposed to various concentration of 
NaCl and NaNO solutions but released to a very limited 
extent in acetate buffers (Table 3.1 ). Thus the strong 
retention of CAS on the polymer matrix must be due to some 
physical interaction in addition to ion exchange. 
The alkaline earth metal ions do not interact with 
CAS in acidic medium (12). This fact is attributed to the 
very low kd values of Ca^^, Mg^, Sr^^ and Ba^^ (Table 3.2). 
In a similar fashion the kd values of Co , Ni and Mn 
are comparatively higher, these metal ions formed complexes 
with CAS in alkaline medium (13-15). The behaviour of Al^^ 
in solution of CAS suggest (16) that a complex with metal 
exists at pH 3. The kd values in Al at pH 3.5 is small 
and goes on increasing with increase in pH. The kd values 
of Cu is very low in the pH range 2.0 - 3.1 while it 
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TABLE -3.1 
Percentage amount of Chrome Azurol-S released 
from Zirconium (iv)phenylethjrlaminesorbed with 
Chrome Azurol-S in various acetate buffer and 
solvent system 
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S.No. Buffer Solution/Solvent Per cent amount of Chrome Azurol-S released 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
Acetate Buffer 
Acetate Buffer 
Acetate Buffer 
Acetate Buffer 
Acetate Buffer 
O.IM NaCl 
0.5M NaCl 
l.OM NaCl 
O.IM NaNO-
0.5M NaN03 
l.OM NaNO^ 
0.5M NH^Cl 
l.OM NH,C1 
pH2 
pH3 
pH4 
pH5 
pH6 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0. 
0. 
0. 
0. 
.025 
.006 
.010 
.039 
.027 
.00 
00 
00 
00 
00 
00 
00 
00 
100 
TABLE - 3.2 
Distribution Coefficient (Kd) values of metal ions 
on Zr(IV) phenylethyl amine anion exchanger sorbed 
with Chrome Azurol-S. 
Kd values in acetate Buffer 
Metal 
Ions 
H2O pH 2.0 pH 2.6 pH 3.1 PH 3.5 pH 4.0 pH 4.4 pH 4.8 pH 5.2 
Al 3+ 
Cd 2+ 
Co 2+ 
Cu 2+ 
Fe 3+ 
Hg 2+ 
Ca 2+ 
Ba 2+ 
Mg 2+ 
Nh 2+ 
Pb 2+ 
Sr 2+ 
Ni2^ 
Zn 2+ 
604.16 
6.89 
23.14 
500.00 
50.00 
100.00 
22.72 
2.84 
3.90 
34.88 
37.50 
12.50 
6.25 
68.18 
6.57 
25.00 
32.25 
97.22 
7.85 
125.00 
125.00 
15.62 
10.13 
12.50 
20.83 
41.66 
11.90 
62.50 
6.57 
241.07 
138.88 
43.10 
75.00 
10.13 
166.66 
250.00 
10.00 
17.04 
5.95 
16.89 
10.13 
23.80 
68.75 
41.66 
5.80 
312.50 
27.34 
41.66 
13.20 
50.0 
517.85 
5.20 
28.40 
9.14 
6.25 
113.63 
26.78 
81.25 
15.62 
25.73 
214.28 
37.50 
35.00 
18.88 
34.09 
125.00 
28.40 
39.77 
36.36 
16.89 
10.13 
26.38 
93.75 
30.17 
17.36 
270.83 
23.28 
17.85 
60.18 
20.83 
196.42 
4.80 
45.45 
41.66 
25.00 
41.66 
19.73 
100.00 
41.66 
9.86 
306.81 
18.38 
28.84 
65.00 
20.83 
70.65 
10.86 
56.81 
46.87 
6.25 
75.00 
12.50 
104.16 
25.00 
3.12 
350.00 
3.28 
23.14 
77.30 
9.61 
325.00 
10.00 
73.83 
52.41 
25.00 
41.66 
3.33 
125.00 
7.35 
23.80 
468.75 
10.41 
28.84 
102.27 
9.61 
89.28 
62.50 
82.38 
17.85 
25.00 
166.66 
5.95 
32.14 
15.62 
35.15 
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increase above pH 4.0, but the kd value in water is high as 
compared to all the systems studied. This behaviour is due 
to the fact that complexation of Cu "^  with CAS (17) depends 
on pH, 
The Kd values of Fe is almost high in water but Kd 
values in the pH range 2.0-5.2 is continuously decreased. 
As Fe(III) reacts with CAS in the range 3.1-5.2 forming a 
2-
dimer complex, [Fe(H20)2] Ch , while another complex is 
formed below pH 3.1. 
The distribution, coefficient values obtained on CAS 
2+ 2 + loaded exchanger shows that separation of Cu from Zn , 
Cd , Co and Th and Mg from Al are possible at 
suitably chosen pH values. Results for analysis of such 
mixtures are given in Table 3.3. 
3+ 2 + An evaluation of Al and Mg concentration in 
antacids drug formulations has been made. The results 
(Table-3.4j shows a good aggrement with the labelled values. 
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CHAPTER - IV 
ELECTROPHORETIC STUDIES OF SOME ANIONS 
AND CATIONS ON ZIRCONIUM(IV)PHENYLETHYLAMINE 
IMPREGNATED PAPERS 
I N T R O D U C T I O N 
Chromatography on paper impregnated with inorganic 
ion exchangers have been found useful in the separation of 
cations and anions. The improvement in results may be 
attributed to (i) selective exchange (ii) sorption behaviour 
and (iii) combination of the two (i) & (ii). Their use 
has also been extended in electrophoresis, where more 
favourable experimental conditions such as pH, complexation, 
buffering of different electrolytes are the additional 
factors for separating the transition metal ions (1-8). 
The nature of the buffer also plays an important role in 
modifying the migration trends of the anions and cations on 
zirconium(IV)phenylethylamine impgregnated papers. 
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E X P E R I M E N T A L 
R e a g e n t s : 
Phenylethylamine (Eastman Kodak. USA) and Zirconium 
oxychloride (BDH) were used for the preparation of ion-
exchange papers. All other chemicals were of analytical 
grade. 
Apparatus: 
Electrophoretic studies were carried out in a 
horizontal apparatus connected with a regulated power supply 
(Hindustan Tronix Inc., EPH-510 model). 
Preparation of Zr (IV) Phenylethylamine impregnated papers: 
A 0.10 M aqueous solution of zirconium oxychloride 
and a O.IOM alcoholic solution of phenylethylamine were 
prepared. Paper strips were first soaked with freshly 
prepared zirconium oxychloride solution for few seconds. 
Excess of reagent was removed by blotting the strips and 
then placed in O.IOM alcoholic phenylethylamine solution 
for a few seconds. The excess reagent was removed and 
strips were dried at room temperature. They were washed 
thrice with distilled water and dried before use. 
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Test Solutions: 
Anion Solution: O.IOM solution of sodium, potassium or 
ammonium salts of the anions under investigation were 
prepared in distilled water. 
Cation Solution: O.IOM solution of chlorides, nitrates or 
sulphates of desired cations were prepared in distilled 
water. O.IOM mercuric nitrate solution was prepared in 
0.50N nitrite acid while cerric ammonium sulphate was pre-
pared in 3.(SN H2SO,. 
Background Electrolytes: Four background electrolytes of 
varying pH was prepared by mixing appropriate volumes of 
l.ON CH„COONa and l.ON HCl solutions. 
Detectors for Anions: The following detecting reagents were 
used (i) CrO^~' "^2 7 1.07o ethanolic diphenylcarbazide 
3- 3-
solution (ii) PC, , AsO, ; 4.51 solution of molybdate in 
HNOo (iii) Fe(CN)^", SCN; 4.0% FeCl- in O.OIM HCl solution 3 6 3 
(iv) Fe(CN)^"; 4.0% FeSO^ in O.OIM H2S0^ solution (v) VO3; 
207o H2S0^ + 1.0% H2O2 (vi) WO^"; 25% SnCl2 solution in 
concentrated HCl, (vii) MoO^f 5.0% SnCl„ in 6M HCl + 10% 
4 ^ 
KSCN. 
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Detectors for Cations: Different detectors were employed 
for the detection of different metal ions; sodium sulphide 
for Ag"", Pb^^, Hg^^, Bi^^, Cd^^, As^^ and Sb^^; 0.1% 
4+ 4+ 
alcoholic solution of alizarin red S for Ce and Th ; 
diphenyl carbazide for Zn , Fe , U(L and l.OX aqueous 
2 + K,Fe(CN), tor V0~ and Cu . Aqueous 0.17o aluminon solution 
, , ,3 + 
was used to detect Al 
Procedure: The electrophoresis chambers were filled with 
background electrolyte and the paper strips were placed in 
horizontal position on proper support^after the conditioning 
of strips with electrolyte a small drop of test solution was 
applied by means of a thin glass capillary at the centre of 
each strip. Electrophoresis was performed for Ih at a 
constant potential of 220V. The migration of ions towards 
anode or cathode was determined by measuring the spot from 
the point of application to the middle of the zone. On the 
basis of the migration of the zones of individual ions, 
synthetic mixtures of ions were applied on the strip for the 
separation of ions of interest. 
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RESULTS AND DISCUSSION 
The electrophoretic behaviour of some anions and 
cations was studied using sodium acetate - HCl buffer of 
varying pH as background electrolytes on zirconium (IV) -
phenylethyl amine impregnated papers and on ordinary Whatman 
No.l papers. The results are shown in tables 4.154.3.1116 
movement of ions on impregnated paper under the influence of 
an applied potential depends on 
(1) size and charge of components 
(ii) relative masses of ionic species 
(iii) adsorption on the exchanger 
(iv) nature of background electrolyte 
Zirconzum (iv) phenyl ethylamine behaves as an anion 
exchanger and its ion exchange capacity decreases with 
increase in pH of the external solution (1). The migration 
of Fe(CN)'^~, Fe(CN)^~, CrO?" and Cr^ 0^" increases with 
6 6 4 2 7 
increasing pH of the electrolyte, but a decreasing trend is 
observed for Fe(CN)?~ and Fe(CN)J~ at pH>4.0. The slow 
0 D 
movement of ions at lower pH may be due to the ion exchange 
3-
phenomenon. It is observed from Table-4.1,that AsO/ , 
3- 2-
PO, , MoO , and VO. do not move from the point of appli-
cation on impregnated paper while movement of these ions is 
recorded on the untreated papers. On the basis of the 
Ill 
TABLE - 4.1 
Movement (in cm) of anions in acetate buffers on 
papers impregnated with Zr(IV)phenylethyl amine 
Duration of time = 1 h 
Voltage applied = 220V 
Anions 
SCN 
V03 
Crof 
Cr202-
MoO^  ^~ 
AsO?" 4 
PO?" 4 
3-
Fe(CN) 
6 
Fe(CN)' 
6 
(l.ON CH3C00Na + l.ON Hcl) buffer 
pH 2/movement 
3.90 (4.40) 
0.00 (2.00) 
0.50 (1.80) 
0.80 (1.90) 
0.00 (1.10) 
0.00 (0.00) 
0.00 (0.00) 
3.40 (4.30) 
2.20 (4.00) 
pH 3/Movement 
1.70 (4 .40) 
0.00 (2 .90) 
1.20 (2 .60) 
0.90 (2 .80) 
0.00 (1.50) 
0.00 (1 .90) 
0.00 (2.10) 
3.50 (4.70) 
3.20 (4 .20) 
pH 4/Movement 
1.90 (4.00) 
0.00 (6.00) 
1.50 (4.10) 
1.00 (3.00) 
0.00 (1.80) 
0.00 (3.20) 
0.00 (3.40) 
4.90 (7.10) 
5.60 (6.30) 
pH 5/Movement 
2.30 (4.30) 
0.00 (5.30) 
1.60 (3,60) 
1.00 (3.90) 
0.00 (2.00) 
0.00 (2.80) 
0.00 (2.20) 
2.00 (3.10) 
1.50 (4.90) 
Paranthesis figure shows movement of ions on untreated papers 
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differences in their migration, a number of binary and 
ternary separations have been achieved on impregnated 
papers. The results are shown in table - 4.2. 
It is observed from table - 4.3 that Cu , VO , 
Al and Bi did not move in the pH range 2 to 4 but showed 
movement towards anode at pH5, while Ag remained at the 
point of application in all the systems studied. Cd and 
Fe moved towards anode at pH<4. In a similar fashion 
2 + Hg also interacts with the background electrolyte in pH 
range 2-4, forming a negative species which moved towards 
anode. 
The results reported in table - 4.3 reveals that a 
number of separations of metal ions are possible on 
impregnated paper while these could not be achieved on 
untreated papers. To mention a few separations: at pH-2, 
Pb2"-Cd2"-V02"; Pb^tfii^'-VO^^ Pb^^-Th"^^ at pH-3 
Pb -Zn -VO ; Pb -Fe ; Cd -VO ; Zn -UO and at 
pH5, Zn2^-V02^ Zn^^-Al^"; Th^'-VO^^; Bi^^-Al^"^ and 
Bi -VO the above binary and ternary mixtures can be 
separated successfully. These above separations are 
supposed to be due to selective exchange of metal ions 
toward ion-exchanger. The results show that electro-
chromatography on Zr(IV)phenylethylamine papers has 
many possibilities for the separation of cations and anions 
of analytical importance. These are shown in table - 4.4. 
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TABLE 4.2 
Separation on paper impregnated with Zr(IV)-
phenyl ethylamine by electro-chromatography 
Duration of time = 1 h 
Voltage applied = 220 V 
Background 
electrolyte 
(IN CH.aX)Na+ 
IN HCI) 
Separations achieved 
pH 
(i) 
(ii) 
(iii) 
(iv) 
(i) 
(ii) 
(iii) 
(iv) 
(i) 
(ii) 
(iii) 
(i) 
(ii) 
(iii) 
(iv) 
CroJ (0.60)-Fe(CN)^ (2.2)-SCN (3-90) 
4 6 
VO3-(0.00)-Cr^O^~(0.80)-Fe(CN)J"(3.40) 
^ / 6 
Cr„of"(0.80)-Fe(CN)^ "(2.20)-Fe(CN)^ "(3.50) 
^7 6 6 _ 
Cr„O^'(0.80)-Fe(CN)^"(2.20)-SCN(3.80) 
^ I 6 
MoO?"(0.00)-SCN(1.70)-Fe(CN)^"(3.20) 
4 _ 6 
AsO?"(0.00)-SCN(1.60)-Fe(CN)?"(3.10) 
4 6 
VO3-(0.00)-Cr2O^"(0.90)-Fe(CN)^"(3.40) 
VO:-(0.00)-SCN(1.70)-Fe(CN)^"(3.40) 
J 6 
V0~ (0.00)-SCN(1.90)-Fe(CN)^"(5.60) 
V0~(0.00)-Cr207"(1.00)-Fe(CN)^"(4.80) 
MoO^" (0.00)-SCN(1.80)-Fe(CN)^"(4.90) 
MoO?" (0.00)-Fe(CN)^"(1.50) 
4 
MoO?" (O.OO)-SCN (2.30) 
4 
vd„- (0.00)-CrO?~ (1.50) 
J 4 
V0~- (0.00) - Fe(CN)^~(1.90) 
3 6 
Paranthesls figure shows movement of ions on untreated papers 
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TABLE - 4.3 
Movement (in cm) of metal ions in acetate buffers on 
paper impregnated with Zr (IV) phenylethylamine 
Duration of time = 1 h 
Voltage applied = 220V 
Metal ions 
Ag^ 
Pb2^ 
Hg2^ 
Cd^^ 
Cu 
2 + Zn 
VO^^ 
2 + 
UO2 
Al^^ 
Fe^^ 
Bi3^ 
Th^^ 
Ce^^ 
( 1 . 
pH 2/Movement 
0 . 0 0 
- 1 . 2 0 ( - 1 . 8 0 
+2.20(+3.50) 
-0.60(-1.50) 
0.00(0.0. 
-2.20(-2.55) 
0.00(-1.70) 
-1.50(-1.90) 
0.00(0.00) 
-0.60(-3.40) 
0.00(-1.30) 
-0.30(-1.80) 
-5.05(-8.50) 
ON CH3C00Na+l 
pH 3/Movement 
0 .00 
- 1 . 1 0 ( - 1 . 5 0 
+2.20(+2.80) 
-1.40(-1.90) 
0.00(-0.90) 
-2.00(-2.35) 
0.00(-1.90) 
-1.50(-2.30) 
0.00(0.00) 
-0.60(-1.60) 
0.00(0.00) 
-0.40(-1.10) 
-1.05(-2.10) 
.ON HCDbuffe 
pH i^/Movement 
0 . 0 0 
1 - 0 . 8 0 ( - 1 . 3 0 
+2.60(+2.80) 
+6.10(+6.90) 
0.00(-0.80) 
-1.20(-1.70) 
0.00(-1.50) 
-1.90(-2.10) 
0.00 (-2.90) 
+1.50(+1.60) 
0.00(0.00) 
-1.10(-1.70) 
0.00(-0.90) 
r 
pH 5/Movement 
0 .00 
-1.60(-2.90) 
-1.10(-1.20) 
+0.70(-1.10) 
-0.90(-4.20) 
-1.80(-2.20) 
-0.60(-2.30) 
-0.70(-1.60) 
-0.60(-2.30) 
+2.50(+3.20) 
-1.60(-2.00) 
-1.20(-2.20) 
-1.10(-1.90) 
Paranthesis figure shows movement of ions on untreated papers. 
TABLE - 4 .4 
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Separation of metal ions on paper impregnated with 
Zr(IV)phenylethylamine by electrochromatography 
Duration of time = Ih 
Voltage applied = 220v 
Background 
electrolyte 
(IN CH3C00Na+ 
IN HCl) 
Separations achieved 
pH4 
(i) UO2^^(-1.90)-Ag^(0.00)-Cd^(+6.10) 
(ii) Th^^(-1.10)-Ag^(0.00)-Cd^^(+6.00) 
(iii) Pb^^(-0.80)-Ag^(0.00)-Cd^(+6.00) 
(iv) Fe^"'(+1.55)-Ag^(0.00)-Cd^''(+6.10) 
(v) Pb^^{-0.70)-Ag^(0.00)-Fe-^^(+1.60) 
(vl) Pb^^(-0.90)-Ag''(0.00)-Hg^^{+2.60) 
(vii) UO2^^(-1.80)-Ag^{0.00) - Hg^^(+2.50) 
(viii)Th^^(-1.20)-Ag^(0.00)-Fe^^(+1.50) 
Paranthesis figure shows movement of ions on untreated papers 
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CHAPTER - V 
SYNTHESIS AND PHYSICO-CHEMICAL STUDIES OF A NEW 
ANION EXCHANGE MATERIAL: ZIRCONIUM{IV)ETHYLENEDIAMINE 
AND ITS APPLICATION IN THE SEPARATION OF MoO ~ 
4 
FROM OTHER ANIONIC SPECIES 
I N T R O D U C T I O N 
Recently a new class of ionexchangers have been 
developed, which constitute the phosphates of tetravalent 
metals are found to be good cation exchangers. They also 
have the properties of intercalating of the polar species 
especially proton acceptors due to the presence of the 
ionogenic POH or (POH)„ groups. Tetravalent metal ions 
formed two dimensional species between the layers which 
accommodate neutral molecule such as water, alcohols, amines 
as well as various metals and complex cations by ion-
exchange (1). The interlayer distance or clearance spaces 
between two sheets are usually tunable by swelling with 
polar solvents, pillarization with polycations and metal 
oxides (2). This spaces between the layer is flexible and 
useful for the adsorption of large reacting molecules. 
The intercalation behaviour has been pronounced in 
zirconium phosphate . Many organic bases (3) such as 
1, 10-phenanthroline; 2,9-dimethyl-l, 10-phenanthroline and 
4,7-dimethyl-1, 10-phenanthroline as well as pipyridine and 
terpyridine have been intercalated between the layer of 
D-zirconium phosphate. These different types of desired 
functionalities (materials), e.g. bulky inorganic (metal 
complex) or organic species may act as pillaring between 
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two layers of tetravalent metal (IV) phosphate. A rapid 
diffusion of this class of compounds is due to the fact that 
a variety of materials can be synthesized with desired 
functionalities. The exchange takes places of diffusion of 
cations both from the original hydrogen form and the 
exchanged phase. The interlayer distance of intercalated 
butylamine with ZrP layer has been observed d=16.9A°, in 
which the exchange of a large size cation or highly hydrated 
molecule take place with low activation energy and high rate 
of exchange. Jnogenic group particularly amine, attached to 
the surface of the crystal matrix has shown high ion-
exchange rate with minimum steric hindrances to the diffused 
counter ions. The behaviour of Fe(II) ions has been 
investigated. Some interesting results have been studied 
with Tin(IV)hydrogenphosphatemonohydrate which has been 
intercalated with some allylamine. The adsorption behaviour 
2+ 2+ 2+ Ni , Co and Cu (4) has been studied with retention 
capacities of 6.3, 5.9 and 3.5 meq/g respectively. 
In this chapter, we reported the synthesis of 
zirconium(IV)ethylenediamine anion exchanger. Hydrous 
zirconiumoxide gel surface is supposed to have active acedic 
and basic sites depending on the pH during its synthesis. 
The incoming ionogenic group is chemisorbed on the surface 
and hence provides a cationic/anionic character to the 
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material. This new type of ion-exchanger material will 
provide a number of applications particularly in, studies of 
anionic species. The newly synthesized ion-exchange 
material was characterized on the basis of chemical 
composition, pH titration, FTIR, TGA and DTA. The 
distribution coefficient values of a number of anionic 
species have been determined in distilled water and various 
concentrations of ammoniumnitrate solutions. On the basis 
2-
of the differences in the distribution coefficients, MoO/ 
_ _ _ 2-has been successfully separated from CI , Br , I , SO, and 
2-
C^O, on its small column. 
^ 4 
120 
E X P E R I M E N T A L 
R e a g e n t s : 
Ethylenediamine (E. Merck) and Zirconium oxy-
chloride (Loba) were used for the synthesis of ion-
exchanger. All other chemicals were of A. R. grade. 
Apparatus: 
A Bausch and Lomb Spectronic-20 Spectrophotometer 
and Elico pH meter model Ll-10 were used for spectro-
photometric and pH measurements respectively. 
Synthesis: 
O.IM aqueous solution of zirconium oxychloride was 
mixed with O.IM aqueous solution of ethylenediamine in 
different volume at pH 4.4 and 9.6. The mixture was stirred 
for eight hours. The white coloured gel so obtained was 
allowed to stand at room temperature to ensure complete 
precipitation. The gel was separated from mother liquor by 
filtration and washed with distilled water three times with 
a total volume of approximately 0.8 to 1.0 litre to ensure a 
pH 7 of the effluent wash. The gel was dried at 50°C in an 
oven. The dried product was placed in distilled water for 
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cracking into small granules, and again dried the ion 
exchange material in an oven before use. 
Ion-exchange Capacity: 
A unit gram of the dried zr(IV)ethylenediamine 
exchanger in desired ionic form was transferred into a 
column (60 cm x 1 cm i.d.) supported by a glass wood plug. 
A 250 ml. of l.OM NaNO^ solution was passed through the 
column to elute the requisite anions, the effluent along 
with washing was collected and titrated by the recommended 
The results are summarized in table-5.1. 
)rocedure. The flow rate was maintained at 0.5 ml min 
Chemical Composition: 
For the determination of chemical composition O.lOg 
of exchanger was dissolved in 2.0M HNO^ solution and diluted 
to 100ml with distilled water. Ethylenediamine was 
determined spectrophotometrically (5), while zirconium was 
estimated titrimetrically using O.OIMEDTA solution as 
titrant (6). The mole ratio of zirconium and ethylendiamine 
was found to be 2.64:1. 
Chemical Stability: 
The chemical stability of the ionexchange material 
was studied in different solution/solvents of varying 
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concentrations. For this purpose 0.50g of the exchanger in 
NO^ form was treated with 50ml of the solution/solvent of 
interest and kept for 24 hours with occassional shaking. 
The amount of zirconium released in the supernatant liquid 
was determined by titrating against a standard solution of 
EDTA. The amount of ethylenediamine was determined spectro-
photometrically (5). The results are reported in table-5.2. 
pH titration: 
The titration of zirconium (IV)ethylenediamine 
exchanger was carriedout by batch procedure (7). Several 
samples of exchanger in different Erylenmeyar flash, each 
containing 0.5g in OH form was equilibrated with a mixture 
of total volume 50ml of O.IOM HCl varying volume O.IOM NaCl 
fixed volume. The results are reported in figure 5il. 
IR Stdles: 
infrared analysis of zirconium(IV)ethylenediamine 
exchanger dried at 40°C was performed by using KBr 
technique. 
X-ray Diffraction: 
X-ray diffraction pattern was recorded on a Philip 
P.W. 1140 diffractometer using nickle filtered Cu-K^ ^ 
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radiation which reveals the fact that the exchanger material 
is non crystalline. 
Thermal Analysis: 
Thermogravimetric (TG) and differential thermal 
analysis (DTA) data were obtained on Shimadzu thermal 
analyzer at the heating rate of 10 C min in nitrogen 
atmosphere. 
Distribution Studies: 
For the determination of distribution coefficient 
(Kd) values of various anions, 0.200 gm Zr(IV) ethylene-
-2 
diamine in N0„ form was t r e a t e d with 25 ml of 1.0x10 M 
aqueous s o l u t i o n of an ions . The mixture was l e f t for 24 
hours with i n t e r m i n t t e n t shaking at room t empera tu re . The 
anions l e f t in the so lu t i on was determined t i t r i m e t r i c a l l y 
us ing recommended procedure. The d i s t r i b u t i o n c o e f f i c i e n t 
was c a l c u l a t e d as fol lows; 
m moles of anion in the exchanger phase / gm of exchanger 
Kd = 
m moles of anions left in the aqueous phase after equilibrium/ 
ml of total volume of the solution 
The r e s u l t s are shown in t a b l e - 5 . 4 , 
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Separation: 
2.0g zr( IV)ethylenedeamine exchanger in No„ form 
was packed Into a glass column (30.0cm x 1.0 cm i.d) fitted 
with glass wool plug. The mixture of anions were 
transferred into the column and eluted with a suitable 
eluent at a flow rate of 0.5 ml min . The results are 
reported in table 5.5. 
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RESULTS AND DISCUSSION 
The samples of zirconium(IV)ethylenediamine have 
been prepared by mixing aqueous solution of zirconium-
oxychloride and ethylenediamine at pH 4.40 and 9.60 under 
varying conditions of mixing ratios(V/V) (see Table-5.1). 
The product prepared by stirring the mixture for 8 hours at 
50 Csit is found to be more stable and high ion-exchange 
capacity than the product at room temperature. After 
studying the ionexchange behaviour, it is found to have 
anion exchange properties which resulted to the presence of 
an amino group domination. The ionexchange capacity of 
halide ions follow the order CI > Br > I. The greater the 
ionic radius of halide ions smaller is the ionexchange 
capacity. It is also observed from Table 5.2 that ion-
exchange material diminishes its ionexchange capacity as the 
drying temperature is increased. 
The dissolution studies of the ionexchange material 
in various mineral acids, bases and neutral salts of 
different concentration have been made and it is found no 
release of either ZrdV) or ethylenediamine was noted upto 
O.IOM concentrations of mineral acids, bases neutral salts. 
When the concentration is increased, the dissolution of the 
material startsiTable - 5.3). 
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Table - 5.1 
Synthesis of various samples of Zr(IV) ethylenediamine 
exchanger at room temperature 
Sample 
No. 
ZE^ 
ZE2 
ZE3 
ZE4 
C o n d i t i o n 
ZrOCl2.8H20 
(O.IOM) 
O.IM 
O.IM 
O.IM 
O.IM 
O.IM 
s of syn 
Ethylene 
diamine 
(O.IOM) 
O.IM 
O.IM 
O.IM 
O.IM 
O.IM 
t h e s i s 
Mixing 
ra t io 
(V/V) 
1:1 
1:2 
1:3 
1:4 
1:1 
pH 
4 . 4 0 
9 .60 
9 .60 
9 .60 
4 . 4 0 
I o n -
exchange 
capacity 
(meq/g) 
for Cl" 
0 . 7 0 
0 . 4 0 
0 .27 
0 .22 
0 .75 
Sample ZE^ was stirred at 50°C, 
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Table - 5.2 
Ion exchange capacity of Zirconium(IV)ethylenediainine 
exchanger dried at different temperature 
S.No. 
1. 
2. 
3. 
4 
5. 
6. 
Anions 
CI" 
Br" 
l" 
2-
4 
Cr202" 
C^O^" 
2 4 
50Oc 
0.75 
0.68 
0.66 
0.57 
0.55 
0.57 
Ion-Exchange 
lOOOc 
0.69 
0.64 
0.61 
0.53 
0.50 
0.49 
Capacity ( 
2000c 
0.56 
0.52 
0.50 
0.48 
0.46 
0.44 
meq/g) 
2500c 
0.52 
0.49 
0.46 
0.43 
0.39 
0.38 
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Table - 5.3 
Chemical stability of Zr(IV)ethy,ienediamine 
exchanger (sample ZEj^ *) in various solvent systems 
S.No 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 
11 
12 
13 
Solvents 
H^O 
O.IM HCl 
l.OM HCl 
O.IM HNO3 
l.OM HNO^ 
O.IM H2S0^ 
l.OM H„SO/ 2 4 
O.IM NaOH 
1,0M NaOH 
O.IM NaCl 
l.OM NaCl 
O.IM NaNG^ 
l.OM NaNO^ 
Amount of Zr 
r e l e a s e d mg/50ml 
0 .00 
0 .00 
1.61 
0 .00 
5 .63 
0 .00 
4 . 8 3 
0 .00 
0 .805 
0 .00 
0 .00 
0 .00 
0 .00 
Amount of e t h y l e n e -
diamine r e l e a s e d 
mg/50ml 
0 .00 
0 .00 
0 .75 
0 .00 
5 .28 
0 .00 
12 .77 
0 .00 
3 .38 
0 .00 
0 .00 
0 .00 
0 .00 
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Fig 5.1 shows the titration and uptake curves for 
the CI ->0H process. The titration process occurs in one 
stage only and suggesting it to be monofunctional. In order 
to examine the acid-base property of heat treated ion-
exchange material, the titration curves for CI uptake were 
measured as a functional of pH. The lonexchange capacity 
determined from the curve after drying the material at 100 
and 250 C, the loss in capacity were found to be 23.07% and 
51.307o respectively, 
The infrared spectrum of zirconium(IV)ethylene-
diamine is shown in figure 5.2. A broad band in the range 
_i 
3700-2900 cm occurs which may be due to free surface -OH 
group on ZrO^(8), -NH stretching vibration absorbed water 
molecule on the ZrO„ surface. There is also possibility of 
H bonded -OH groups and H bonded -NH groups in this region 
+ _i 
(9). NH^ group absorps near at 1520 cm (9). Another peak 
in the region with maximum at 1620 cm may be due to H-OH 
bending(9) and NH bending(lO). The sharp absorption peak 
at 1380 cm" may be due to -OH group which is formed on the 
surface of Zr02(10). Another peak at 820 cm may be 
assigned to M-0 stretching. 
The thermogravimetric (TG) and differential thermal 
analysis (DTA) curves of zirconium(IV)ethylenediamine 
130 
3-0 3-5 4-0 
meq of HCl added/05g 
'^'g.5'1 PH titration curve of Zr(lV)ethylenediamine 
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fig. (5.3) indicated endothermic peak around 120°C due to 
loss of water molecule and exothermic peak at around 420°C 
may be due to decomposition of ethylenediamine. 
The ionogenic amine group (ethylenediamine molecule) 
is supposed to be adsorbed on the surface of the hydrous 
zirconium oxide (ZrO OH ). A proton from acidic site of gel 
is shifted from to the adsorbed molecule to form a protonated 
amine, (scheme 5.1) which provide a positive charge to the matrix making 
the gel to act as anion exchanger. No doubt, some of the re-
maining protons from -OH groups may also provide cationic 
properties to the gel. However, we confined our studies to 
its anionic behavious. 
On the basis of chemical composition, FTIR, TGA and 
DTA and DTA, a tentative formula of the zirconium(IV)-
ethylendiamine has been proposed as follows: 
[ZrO(OH)2] NH2(CH2)2 NH2.3H2O 
The number of water molecules per mole of exchanger 
was calculated by the Alberti's equation (11). 
18n X 100 ., „. . . , ^^ 
= /o weight loss 
(M + 18n) 
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(6uj/0 ) »3U»i*y!a »jnj8J*duj»I 
\ 0 
0 01 
I 
Zr 
0 
Zr Zr 
^ H 2 0 
NH2CH2CH2NH2 
0 ' 0 
Surface Interaction 
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OH 
Zr 
H-N-CH2-CH2-NH2 
0 
Zr 
0 H 
Zr 
0 0 0 
Proton shift 
0' 
OH 
Zr 
,HNH(CH2)2W^ 2^ 
^ eH 
Zr Zr Zr 
0' 
OH 
0 
0 
0 0 
H ^  
I 
H-N-CH2CH2NH2 
H 
0' 
0 0 
Zr Zr Zr Zr 
0 0 0 0-^  0 
SCHEMK 5.1 
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Distribution Coefficient (Kd) of anionic species 
were determined at 28+2°C in distilled water and also in 
different concentration of ammonium nitrate. The results 
are summarized in table 5.4. It is observed that Kd 
value of CI", Br", I", SO?", C^Q^~ and Mo}' are low in all 
4 ^ 4 4 
the concentration of ammoniun nitrate. The sequence of 
their values in O.IOM NH.NOo which formed a coordinate 
4 J 
bond is as S0^~ > CoO?~ > \io}~. The Kd values of halide 4 2 4 4 
ions are decreasing with the increase in their ionic radii 
as well as decreases in their electronegativity. The 
sequence of Kd values is as Cl" > Br" > I~. Moreover, the 
Kd values of all the anions shows a decreasing trend as 
the concentration of NH.NOo solution increases. The high 
Kd value of ksOi may be due to the formation of insolu-
ble arsenate, and its elution becomes inipossible even on 
using 2.0M-NH^NO^ solution. The Kd value of MoO?" is 
3_ 
smaller as compared to P^sO and it has been eluted with 
4 
0.6M NH^NO^. Thus separations of MoO^" from Cl", Br", l", 
2- 2-SO and 0.^0, has been achieved successfully on its 4 2 4 
column. The results are reported in table 5.5 and elution 
profilesare shown in fig. 5.4 to 5.8. 
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Table - 5.4 
Distribution coefficient of various anions on 
Zirconium(IV)ethylenediamine exchanger 
S.No. 
1 . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
1 1 . 
12 . 
1 3 . 
Anions 
C I " 
Br" 
I " 
CIO 3" 
IO3-
VO3-
S0^2-
C2O4" 
Cr^O^" 
w\-
MoO^" 
4 
Fe(CNj^~ 
6 
AsO^" 
4 
H2O 
4 4 . 0 9 
4 1 . 0 0 
29 .32 
172 .61 
187 .50 
157 .60 
74 .70 
67 .30 
375 .00 
66 .67 
187 .50 
532 .89 
843 .75 
0.1MNH^N03 
39 .47 
33 .22 
20 .39 
1 4 3 . 9 1 
172 .61 
140 .30 
6 9 . 0 8 
6 5 . 0 3 
306 .03 
4 5 . 0 0 
161 .56 
4 8 9 . 2 1 
690 .78 
0.20MNH^N0-
3 1 . 2 5 
2 3 . 8 0 
9 .82 
8 7 . 4 3 
98 .20 
91 .66 
5 2 . 9 1 
39 .50 
291 .66 
3 3 . 3 3 
8 8 . 6 1 
321 .42 
611 .92 
O.4OMNH4NO-: 
2 0 . 2 5 
9 .40 
7 .32 
12 .36 
76 .60 
84 .47 
29 .17 
32 .14 
179 .87 
17 .18 
3 7 . 3 3 
290 .75 
564 .28 
,0.60MNH^N03 
1 3 . 8 8 
5 .36 
3 .86 
3 .86 
3 1 . 2 5 
66 .17 
27 .56 
1 6 . 6 0 
122 .10 
1 2 . 5 0 
3 3 . 2 2 
112 .50 
5 0 8 . 3 8 
Table - 5.5 
Separation of Molybdate from other anionic 
species on Zirconium(IV)ethylenediamine column 
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S.No 
1 . 
2 . 
3 . 
4 . 
5 . 
Separation 
achieved 
CI" 
MoO,^ " 
4 
Br~ 
1- MoO^ 
4 
I " 
MoO^" 
4 
2 -so; 4 
MoO^" 
4 
S°4" 
MoO^" 
4 
Amount 
loaded 
(mg) 
3 .585 
1.983 
7.670 
1.983 
11 .421 
1.983 
10 .34 
1.983 
4 .489 
1.983 
Amount 
found 
(mg) 
3 .621 
1.935 
7.750 
1.967 
11 .484 
1.967 
10 .103 
1.951 
4 . 4 0 1 
1.951 
7o 
Recovery 
1 0 1 . 0 0 
9 7 . 6 1 
1 0 1 . 0 4 
9 9 . 2 1 
1 0 0 . 5 5 
9 9 . 2 1 
9 7 . 7 0 
9 8 . 4 0 
9 8 . 0 3 
9 8 . 4 0 
Eluent used 
50ml H^O 
60ml 0.6M NH^N03 
50ml H^O 
60ml 0.6M NH^N03 
60ml H2O 
60ml 0.6M NH^NO^ 
40ml H2O 
60ml 0.6M NH4NO3 
50ral H^O 
60ml 0.6M NH^N03 
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0-SM NH4NO3-
0 10 20 3 0 40 50 60 70 80 90 100 110 120 130 
VoCum* of effluent (ml ) 
Fig. 5-4 S€p«ration of Cl-Mo C^  on Zr(lV)cthylenediamine column 
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0-6M 
ex 
1 
c 
13 
C 
3 
O 
E 
10 20 30 ^ SO 60 70 80 90 100 110 120 130-
V©lum# of effluent (ml.) 
2-
Fi 9,5-5 Separation of Br-MoO^ an ZrHV) ethyl ened (amine column 
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06MNH NOj 
10 20 30 40 50 50 70 80 90 103 110 120 130 140 
Volume of effluent (ml.) 
2-Fig,5-5 Separationof j-M0O4 on Zf(iV)ethylenediamin< calumn 
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Volume of effluenilml.) 
2- 2-
F.ig 5.7 Septrationof SO-Motl on Zr(IV)ethylenediamine column. 
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